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Analysis of Stationarity 
Centre of pressure time series data have been found to exhibit non-stationary characteristics 
in some contexts and populations (e.g. Carroll and Freedman, 1993; Harris et al., 1993; 
Loughlin et al., 1996; Van der Kooij et al., 2011; c.f. Singh et al., 2012), which can result in 
misleading frequency spectra (Huang et al., 1998). We used two different complementary 
approaches to investigate the stationarity of the data analysed for this study: statistical 
comparison of time series properties and visual inspection of frequency-time spectrograms.  
1) Wide-sense stationarity requires that the mean, variance and autocovariance of the time 
series do not vary with respect to time (Diggle, 1990; Huang et al., 1998). Observed non-
stationarity in published COP time series data has manifested as a continuous systematic 
change in the relevant variable over the relevant time period (>20 seconds) (Carroll and 
Freedman, 1993; Harris et al., 1993; Loughlin et al., 1995). We hence divided each COP 
time series into two segments: the first half and the second half of the trial. Mean, variance 
and autocovariance (‘autocov’) were calculated for each segment in both the AP and ML 
directions for each stance, both at baseline and post-SRC. Autocovariance was plotted and 
was quantified at lag times of 25%, 50% and 75% of maximum lag length (i.e. segment 
length/2-1). The first half and the second half of the time series were then statistically 
compared for each variable using Student’s t test (α = 0.05). For no comparison was the null 
hypothesis of equal means, variances or autocovariances of the two segments rejected 
(Table S1).  
2) Spectrograms based on the windowed short-time Fourier transform with a time resolution 
of 2 s were generated to visualise the time evolution of frequency content for all time series, 
allowing plots to be visually inspected for systematic temporal changes in frequency content. 
Spectrograms for each signal from a representative participant are shown in Figures S1 and 
S2. The plots did not indicate the presence of systematic changes in frequency content with 
increasing time for any stance, direction or condition. 
Based on the results of these investigations we concluded that the assumption of stationarity 
was not unreasonable for our dataset. As we are only able to investigate stationarity over the 
20 s trial duration, caution should be used in extrapolating our results to the interpretation of 
COP data series of different time durations. 
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Stance Variable Baseline (t, p) Post-SRC (t, p) 
DL 
AP mean 1.22, 0.24 0.63, 0.54 
AP variance 0.61, 0.55 1.48, 0.16 
AP autocov 25% -0.12, 0.65 -1.78, 0.10 
AP autocov 50% -0.46, 0.65 0.20, 0.84 
AP autocov 75% 0.09, 0.60 0.17, 0.86 
ML mean 0.01, 0.99 -0.40, 0.70 
ML variance 0.25, 0.60 0.72, 0.48 
ML autocov 25% -0.86, 0.40 0.45, 0.66 
ML autocov 50% -1.31, 0.21 -0.10, 0.92 
ML autocov 75% 0.29, 0.78 0.71, 0.49 
SL 
AP mean 0.55, 0.60 -1.83, 0.09 
AP variance -1.42, 0.18 -1.20, 0.25 
AP autocov 25% 0.85, 0.41 -0.28, 0.79 
AP autocov 50% 0.02, 0.99 0.46, 0.65 
AP autocov 75% 0.79, 0.44 0.17, 0.86 
ML mean -0.11, 0.92 1.17, 0.26 
ML variance -0.75, 0.47 0.40, 0.70 
ML autocov 25% 0.57, 0.58 -1.13, 0.28 
ML autocov 50% 0.33, 0.75 -0.49, 0.63 
ML autocov 75% 1.26, 0.23 0.67, 0.52 
TAN 
AP mean -1.44, 0.17 1.66, 0.12 
AP variance -0.57, 0.58 0.95, 0.36 
AP autocov 25% -0.55, 0.59 -2.06, 0.06 
AP autocov 50% -0.38, 0.71 0.21, 0.84 
AP autocov 75% 1.01, 0.33 -0.24, 0.82 
ML mean 1.71, 0.11 -0.70, 0.50 
ML variance -0.63, 0.54 0.16, 0.88 
ML autocov 25% 1.12, 0.28 -1.06, 0.31 
ML autocov 50% 0.65, 0.53 -0.50, 0.62 
ML autocov 75% 0.58, 0.57 0.86, 0.41 
 
Table S1: Results of comparisons between the first and second half of each trial. All time 
series were tested: AP and ML; at baseline and post-SRC. 



















Figure S1: Spectrogram for single representative participant, showing the time-localised estimate of COP power spectrum in the AP direction at 
baseline (left-hand panels) and post-SRC (right-hand panels) for DL (top), SL (middle) and TAN (bottom) stance trials. Note that the colour 
range is scaled individually for each subplot to maximise resolution (see bar labelling). 
 
Figure S2: Spectrogram for single representative participant, showing the time-localised estimate of COP power spectrum in the ML direction at 
baseline (left-hand panels) and post-SRC (right-hand panels) for DL (top), SL (middle) and TAN (bottom) stance trials. Note that the colour 
range is scaled individually for each subplot to maximise resolution (see bar labelling). 
 
